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Summary From depth and scalp electrodes, we recorded MN-SSEPs of a 33-year-old man with right parietal dysfunction and refractory righl 
temporal seizures. A depth lead with 8 electrodes was implanted deep in each parietal-temporal region. Stimulation and recording parameters 
followed American EEG Society guidelines. Scalp recordings had well-defined P9, PI 3- 14. N18, N20, and P23 potentials with normal conduction 
times bilaterally. Depth recordings showed potentials of greater number, voltage, and coherence. P13 14 and NI8 were recorded at all depth sites 
with latencies similar to those at the scalp. N18 had markedly greater voltage and duration near the thalamus, with multiple fast components on its 
ascending phase. In the deep parietal region there was a positivity corresponding to the scalp N20 and a negative potential equal in latency to scalp 
P2Y These findings support an origin of P13-14 caudal to the thalamus, multiple thalamic and possibly rostral brain-stem generators for NI8, and 
generation of N20 and P23 in sensory cortex or subjacent white matter. 
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Despi te  the clinical  uti l i ty of shor t - la tency median  
nerve somatosensory  evoked potent ia l s  (MN-SSEPs) ,  
their  genera tor  sources are incomple te ly  unders tood.  
The origin of even the N20 potent ia l ,  one of  the prin-  
cipal SSEP componen t s  measured  in clinical  appl ica-  
tions, remains  controvers ia l  af ter  numerous  investiga- 
tions. The N20 is the earliest  localized scalp negat ivi ty  
and is restr ic ted to the par ie ta l  region cont ra la te ra l  to 
s t imulat ion,  features that  suggest an origin in the 
somatosensory  cortex. But some c l in ico-pathologic  cor- 
re la t ions (Ch iappa  et al. 1979; Go ld i e  et al. 1981) imply 
an N20 genera tor  at the level of the thalamus.  
Dur ing  evaluat ion  of a cand ida te  for epi lepsy surgery, 
we recorded M N - S S E P s  from depth  e lect rodes  in the 
par ie ta l  and  tempora l  lobes and compared  them to the 
cor respond ing  scalp activity.  W e  found a po la r i ty  rever- 
sal of  the scalp N20 and P23 at deep  par ie ta l  electrodes,  
consis tent  with a cort ical  ra ther  than tha lamic  origin of 
these components .  
Correspondence to: Dr. Chris Vanderzant, Associates in Neu- 
rology, 5124 Hollywood Blvd., Hollywood, FL 33021 (U.S.A.). 
Methods and material 
The subject  was a 33-year-old r igh t -handed  man  un- 
dergoing presurgical  eva lua t ion  of  ref rac tory  par t ia l  
seizures of  right t empora l  lobe origin. Seizures began at 
age 7 years  wi thout  known et iology.  Neuro log ica l  ex- 
amina t ion  showed right par ie ta l  dysfunct ion ,  inc luding  
cons t ruc t iona l  apraxia ,  left infer ior  quad ran t anops i a ,  
impai red  d iscr iminat ive  sensat ion  on the left side, and  
decreased a l te rna t ing  mot ion  rate  of  the left  hand.  Brain 
CT showed mi ld  right hemispher ic  a t rophy.  Pos i t ron  
emission t omography  demons t r a t ed  focal h y p o m e t a b o -  
lism in the right t empora l -pa r i e t a l  region. 
A mul t i -e lec t rode  mul t ip le  conduc to r  dep th  lead was 
implan ted  s tereotaxical ly  in each pa r i e t a l - t empora l  re- 
gion for dep th  e l ec t roencepha lography  (Fig.  1). Each 
lead was cons t ruc ted  of po lyu re thane  tubing  with 8 
stainless steel e lect rodes  connec ted  by  means  of  fine 
Tef lon-coa ted  stainless  steel wire to i ndependen t  pins 
moun ted  in the connec to r  at the lead 's  p rox imal  end.  
The electrodes were 2:5 m m  in length and separa ted  by 
2.5 m m  of po lyu re thane  tubing.  
M N - S S E P s  were recorded  f rom the dep th  e lec t rodes  
3 days  fol lowing their  implan ta t ion .  Fou r - channe l  re- 
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cordings were obta ined  on  a Grass  Model  10 system. 
Amplif ier  gain was 24,000, and amplifier  bandpass  was 
30-3000 Hz ( - 3  dB) with filter roll-off slopes of 12 
dB/oc tave .  The analysis  t ime was 51.2 msec with 1024 
data  p o i n t s / c h a n n e l ,  giving a dwell t ime of 50 /~sec. 
Ampl i tude  resolut ion of A / D  conversion was 8 bits. 
Each average consisted of 1024 samples, repeated at 
least once for each der ivat ion to assure coherence. Depth  
electrodes were designated 1 through 8 in sequential  
order  from the distal tip of each depth  lead, and  refer- 
enced to a disk electrode affixed with col lodion to the 
shoulder  opposite the s t imulated side. MN-SSEPs  were 
Fig. 1. A: lateral skull film shows position of the depth leads in the 
parietal and temporal lobes along a dorsoposterior to ventroanterior 
axis. The 8 electrodes on each lead are discretely visible on plain 
X-ray but not distinguishable from other lead components on CT. B: 
axial CT at the level of the ventral thalamus, showing depth leads in 
cross-section at the left no. 4 and right no. 5 electrodes. CT is without 
contrast infusion, and right hemisphere is displayed on left side. C: 
axial CT at the level of the dorsal thalamus, in the highest plane 
where depth electrodes (left no. 7 and right no. 8) are situated 
bilaterally. 
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also recorded from scalp, cervical, and Erb's point (EP) 
electrodes attached with collodion, using the same tech- 
nique and instrumentation as for depth studies, and in 
accordance with American EEG Society guidelines 
(1984). Electrode impedances were maintained below 
5000 $2. 
The stimulus was a 200/~sec square wave generated 
by a constant current stimulator at a rate of 5.1 Hz. 
Each wrist was stimulated independently at an intensity 
sufficient to produce a vigorous thumb twitch, Stimulat- 
ing electrodes were standard EEG disks with imped- 
ances below 10 k$2, placed with the cathode 2 cm 
proximal to the  anode. The ground was a plate elec- 
trode on the volar forearm. 
Results 
Scalp recordings demonstrated good definition and 
coherence of all potentials on stimulation of either 
median nerve (Fig. 2). All peak latencies and conduc- 
tion times were within normal limits (Table I). 
Depth recordings showed potentials of greater volt- 
age and eomplexity with a high degree of reproducibil- 
ity (Fig. 3). Potentials similar in latency and polarity to 
the scalp-recorded P13-14 and NI8 were present in all 
16 depth derivations. N 18 had markedly greater voltage, 
duration, and complexity at electrodes closest to the 
thalamus (electrodes 5 and 6). Numerous fast compo- 
nents appeared on the ascending phase of N18 in these 
derivations. The most dorsal electrodes (left no. 6, and 
nos. 7 and 8 bilaterally) were situated in or near the 
deep parietal region on each side. In these derivations. 
there were 2 potentials that immediately followed N18 
and were equal in latency but opposite in polarity to the 
scalp-recorded N20 and P23 (Fig. 4). Voltage and distri- 
bution of these ' P 2 0 - N 2 Y  depth potentials were greater 
in the left parietal recordings. In fight hemisphere depth 
and scalp recordings, the wave forms following N18 
corresponded less clearly, although polarity reversal of 
the N20 potential was discernible. The apparent at- 
tenuation of 'P20' and "N23' potentials in right parietal 
depth recordings may be due to asymmetric placement 
of the leads. However. the patient's right parietal dys- 
function does suggest the possibility that this interhemi- 
spheric asymmetry in the depth recordings represents 
an abnormality that is not detectable in scalp record- 
ings. 
A 









Fig. 2. Scalp SSEP recordings on right (A) and left (B) median nerve stimulation. 
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Peak latency (msec) 
Left Right Mean + 3 S.D. 
Conduction time (msec) 
Left Right Mean + 3 S.D. 
EP 10.9 11.9 12.2 
N13 14.6 16.1 16.2 
N20 20.2 21.6 22.2 
P23 22.2 24.3 26.4 
EP-N13 3.7 4.2 5.4 
N13-N20 5.6 5.5 7.0 
EP-N20 9.3 9.7 11.0 
Discussion 
With  non-cepha l ic  reference,  in the first 18 msec 
fol lowing med ian  nerve s t imula t ion  at the wris t  in nor-  
mal  adults ,  s imilar  wave forms are recorded  f rom elec- 
t rodes  p laced  widely  over  the scalp (Desmed t  and  
Cheron  1981b; Emerson  and  Pedley 1984). These  con- 
sist of  P9, P l l ,  P13-14 ,  and  N18. Two wave forms, N20 
3 
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and  P23, can only  be  recorded  f rom the par ie ta l  a rea  
con t ra la te ra l  to the s t imula ted  side. 
The  onset  of P9 precedes  the po ten t i a l  r ecorded  at  
Erb ' s  po in t  and  represents  a s t a t ionary  far-f ie ld  po ten-  
tial ar is ing as the afferent  vol ley reaches  a site under  the 
la tera l  pa r t  of the clavicle (Cracco  and  Cracco  1976; 
D e s m e d t  et al. 1983). The  P l l  l a tency  co r r e sponds  to 
that  of  N l l  r ecorded  over  the pos te r io r  aspect  of  the 
L- 
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Fig. 3. Depth SSEP recordings: (A) left cerebral hemisphere on fight median nerve stimulation, and (B) right cerebral hemisphere on left median 
nerve stimulation. 
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Fig. 4. Comparison of post-N18 components of scalp and depth 
SSEPs. Left cerebral hemisphere recordings during right median nerve 
stimulation. 
neck (at levels C6-C7),  and is believed to be a sta- 
tionary far-field potential reflecting entry of the afferent 
volley into the spinal cord (Desmedt and Cheron 1980, 
1981a; Hashimoto 1984). Following P l l ,  scalp elec- 
trodes record another positive potential, P13-14. In our 
study, the P13-14 demonstrated far-field properties in 
both scalp and depth recordings, even in recordings 
from electrodes near the thalamus, consistent with a 
brain-stem generator source. This localization agrees 
with the findings of other investigators, lntracranial 
recordings (Lueders et al. 1983a; Hashimoto 1984; 
Suzuki and Mayanagi 1984), persistence of P13-14 in 
patients with thalamic lesions (Nakanishi et al. 1978; 
Anziska and Cracco 1980, 1981; Maugui~re et al. 1983b), 
and calculations based on the latency between passage 
of the afferent volley past Erb's point and its arrival at 
the sensory cortex (Desmedt and Cheron 1980, 1981b), 
all suggest that P13-14 is a far-field stationary potential 
reflecting the afferent volley in the medial lemniscus. 
Following P13-14, the prominent N18 'also has a 
wide scalp distribution. On the basis of thalamic record- 
ings and absence of this potential in patients with 
thalamic lesions, some investigators have concluded that 
N18 reflects activity within the thalamus or thalamo- 
cortical projection fibers (Celesia 1979; Desmedt and 
Cheron 1981b). But in other patients with thalamic 
lesions, N18 was preserved with loss of subsequent wave 
forms, suggesting generators caudal to the thalamus 
(Mauguifre et al. 1983b; Emerson and Pedley 1984). 
Our study suggests that N18 is generated predominantly 
at the thalamus. We found N18 to have markedly 
greater voltage, duration, and complexity at electrodes 
closest to the thalamus. The polyphasic appearance of 
N18 when recorded near the thalamus, with numerous 
fast components appearing on its ascending phase, sug- 
gests that N18 is a composite wave form representing 
the summated potentials of multiple generators in the 
thalamus and adjacent structures. Its long duration (up 
to 19 reset) suggests that it represents postsynaptic 
rather than axonal activities (Maugui&e et al. 1983b; 
Hashimoto 1984). 
The earliest localized scalp activity is the negative 
potential N20, followed by a positivity, P23, recorded 
from the parietal area contralateral to the side of median 
nerve stimulation. Many studies suggest that N20 and 
P23 are cortical potentials, based on their near-field 
properties and their disappearance with certain cortical 
lesions (Hume and Cant 1978; Desmedt and Cheron 
1981b; Maugui~re et al. 1983a; Hashimoto 1984). How- 
ever, some patients with cortical lesions have been de- 
scribed who had a preserved N20 but absent P23, 
suggesting a more caudal origin of N20 in the thalamus 
(Chiappa et al. 1979; Goldie et al. 1981). These authors 
argue that most studies have ignored the retrograde 
degeneration of primary thalamic nuclei that occurs 
within 6 1 2  weeks following a cortical insult. Our re- 
cordings suggest that N20 and P23 both originate in the 
sensory cortex or subjacent thalamocortical projection 
fibers. A cortical or near-cortical origin of both poten- 
tials is strongly suggested by the simultaneous occur- 
rence of scalp and deep parietal potentials of opposite 
polarity. In accordance with a vertical dipole model, 
their generators must lie somewhere between the corti- 
cal surface and the plane of the depth electrodes. Our 
findings are not consistent with a thalamic origin for 
N20, as no wave form of equivalent latency and polarity 
was recorded at depth electrodes lateral or slightly 
dorsal to the thalamus. Of interest is Fig. 2 in the report 
by Hashimoto (1984), which also shows an apparent  
phase reversal of N20 and P23 between the scalp and 
subcortical white matter, although it is less distinct than 
in our case. 
A vertical orientation of the dipoles describing N20 
and P23 activity has further implications. The somato- 
sensory potentials recorded anterior to the central sulcus, 
P22 and N24, could not represent phase reversals of 
N20 and P23, as this would involve horizontal rather 
than vertical dipoles. Other studies also suggest that P22 
and N24 are independent potentials arising from sep- 
arate thalamocortical fibers to the frontal lobes (Des- 
medt and Cheron 1981b; Lueders et al. 1983b). The 
absence of N20 and P23 with preservation of P22 and 
N24 in patients with parietal lesions, and the absence of 
P22 and N24 with preservation of N20 and P23 in 
patients with frontal lobe lesions, also support this 
conclusion (Maugui&e et al. 1983a). 
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